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Abstract 7 
Background: This prospective study investigates the use of intraoperative fluoroscopy 8 
in 28 consecutive cases undergoing hallux valgus surgery.  To our knowledge there 9 
have been no studies validating the use of intraoperative fluoroscopy in hallux valgus 10 
surgery.   11 
Methods: We performed a prospective investigation of 28 consecutive cases 12 
undergoing hallux valgus surgery. Fluoroscopic images were examined 13 
intraoperatively and any significant unforseen findings documented. A comparison 14 
was made between the fluoroscopic images and weight bearing films taken 6 weeks 15 
postoperatively to examine whether the intraoperative images are an accurate 16 
representation of the standard films obtained post-operatively. We excluded those 17 
patients that went on to have an Akin osteotomy.  18 
Results: There were no unforeseen intraoperative events that were revealed by the use 19 
of fluoroscopy and no surgical modifications were made as a result of the 20 
intraoperative images. The intraoperative films were found to be a reliable 21 
representation of the postoperative weight bearing films but a small increase in the 22 
hallux valgus angle was noted at six weeks and this is thought to be due to stretching 23 
of the medial soft tissue repair.  24 
Conclusions: Intraoperative fluoroscopy is a reliable technique. This study was 25 
performed at a centre which performs approximately 100 hallux valgus operations per 26 
year and that should be taken into consideration when reviewing our findings. We 27 
conclude that there may be a role for fluoroscopy for surgeons in the early stages of 28 
the surgical learning curve and for those that infrequently perform hallux valgus 29 
surgery. We cannot however recommend that fluoroscopy be used routinely in hallux 30 
valgus surgery. 31 
Introduction 32 
Since the introduction of fluoroscopy in the 1950s, the use of this imaging 33 
technique has rapidly increased throughout the field of orthopaedic surgery.  There are 34 
many orthopaedic operations, both elective and emergency, where intraoperative 35 
fluoroscopy has proven to be a usual adjunct.  Fluoroscopic methods can aid the 36 
surgeon in joint injections, fracture reduction, hardware placement and deformity 37 
correction.  Despite the obvious benefits of fluoroscopy, its use should be minimised 38 
to reduce radiation exposure and prevent adverse effects to both the patient and the 39 
surgeon.1,2 For this reason, the observed benefits of using intraoperative fluoroscopy 40 
for a chosen operation should be well recognised and documented. 41 
We understand that some surgeons favour the use of intraoperative 42 
fluoroscopy in hallux valgus surgery and we have seen fluoroscopy being used for this 43 
purpose.  This is not currently the standard practice at our centre.  We could find no 44 
research in the literature that has examined the use, benefits and accuracy of 45 
intraoperative fluoroscopy in hallux valgus surgery.  Our intention was to investigate 46 
whether intraoperative fluoroscopy was a worthwhile adjunct in hallux valgus 47 
surgery.  We aimed to statistically analyse the accuracy of the intraoperative films and 48 
determine whether the perceived benefits warrant the radiation exposure to the patient 49 
and the surgeon. 50 
 51 
Materials / Methods 52 
24 patients undergoing routine hallux valgus surgery were prospectively 53 
studied: the operation performed in all cases was a scarf osteotomy. 8 cases were 54 
bilateral, bringing the total to 32 operated feet.  Standard, weight bearing radiographs 55 
were obtained preoperatively and at 6 weeks postoperatively.  In addition, 56 
intraoperative fluoroscopic images were obtained after fixation of the scarf osteotomy 57 
and medial capsular repair.  These images were taken with the foot pressed flat on the 58 
image intensifier housing of the C-arm to simulate weight bearing (Figure 1). 59 
The images were analysed to measure the intermetatarsal angle (IMA), the 60 
hallux valgus angle (HVA), the hallux valgus interphalangeus angle (IPA) and the 61 
sesamoid position (SES), using the 7 degrees of displacement as described by Hardy 62 
and Clapham (position 1-3 normal).3  The intraoperative images were also analysed 63 
for hardware malposition and other complications such as fracture (Figure 2).  Any 64 
intraoperative alterations, which were made as a result of the fluoroscopic image 65 
findings, were recorded in the operation notes. 66 
4 patients, who went on to have an Akin osteotomy, were excluded from the 67 
comparison study as the Akin osteotomy would have effects on the HVA and IPA 68 
measurements post-operatively.  This left a total of 20 patients studied (28 feet). 69 
In order to assess whether there was a significant difference between the 70 
intraoperative image intensifier films and the 6 weeks post-operative radiographs, 71 
paired t-testing was used, after confirmation of data normality. For the non-parametric 72 
sesamoid position, data is presented as median and interquartile range (IQR) and 73 
tested using the Wilcoxon test.  Power analysis indicated that to detect a change from 74 
8° to 10° with standard deviation of 3.5° 4,5 (with 80% power, 5% significance) a 75 
minimum of 26 cases would be required.  Allowing for a 5% drop out at the 6 week 76 
follow-up, the goal of 28 cases was set. The IMA angle was chosen as the primary 77 
endpoint of interest as this is a measurement using fixed bony landmarks with no 78 
intervening joint involved. Adjustment for multiple testing was performed using 79 
Bonferroni’s correction for the secondary endpoints (HVA, IPA and SES) which 80 
meant that the p-value of interest was 0.017 at the 5% level. 81 
Results 82 
Mean (95% confidence intervals) values were calculated for the preoperative 83 
radiographs of the 28 feet that underwent Scarf alone.  This reveals a mean IMA 14.4 84 
(95% CI 13.1 – 15.8), mean HVA 32.5 (95% CI 29.0 -36.0)), mean IPA 7.1 (95% CI 85 
5.3-9.0) and median sesamoid position of 5.5 (IQR 2.0).  These measurements 86 
improved on the intraoperative films to a mean IMA 4.7 (95% CI 3.5-5.9, p<0.001), 87 
mean HVA 4.5 (95% CI 2.6-6.4, p<0.001), mean IPA 9.6 (95% CI 7.7-11.5, p=0.006) 88 
and median sesamoid position 2.0 (IQR 1.8, p<0.001 using Wilcoxon) (Table 1).  89 
These measurements indicate that the angular deformities have been corrected to 90 
within normal values.3   91 
To determine the accuracy of the fluoroscopy films we compared the 92 
intraoperative and postoperative images. Examination of the postoperative 93 
radiographs show a mean IMA 5.9 (4.5-7.3), mean HVA 13.6 (10.8-16.4), mean IPA 94 
10.7 (9.3-12.1) and median sesamoid position 2.0 (IQR 1.0) (Table 1).  When 95 
compared to the intraoperative films these results show that the measured IMA, IPA 96 
and sesamoid position are not significantly different (Table 1), indicating that the 97 
fluoroscopy films are an accurate representation of the 6 week weight bearing films. 98 
There is however, a statistically significant increase in HVA compared with the 99 
measurements made intraoperatively.  The mean postoperative HVA nevertheless 100 
remains within normal values.3 101 
 102 
Timepoint IMA HVA IPA SES 
Intra-op 4.7 (3.5 – 5.9) 4.5 (2.6 – 6.4) 9.6 (7.7 – 11.5) 2.0 (1.8) 
Post-op 5.9 (4.5 – 7.3) 13.6 (10.8 – 16.4) 10.7 (9.3 – 12.1) 2.0 (1.0) 
p-value p = 0.08 p <0.001* p = 0.17 p = 0.06  
Table 1: Mean (95% confidence intervals) intraoperatively and postoperatively for 103 
each angular measurement, median and interquartile range for non parametric 104 
sesamoid position (*significant at 5% level). 105 
 106 
Discussion 107 
Hallux valgus surgery is a common foot procedure undertaken by general 108 
orthopaedic surgeons and foot and ankle specialists.  The wide variety of operations 109 
for this condition is well documented however the scarf osteotomy is becoming 110 
increasingly popular due to the power of correction obtainable and the stability of the 111 
osteotomy.  Some surgeons favour the use of intraoperative fluoroscopy when 112 
performing this type of operation. 113 
One of the main questions we aimed to answer in this study was whether the 114 
diagnostic information obtained from intraoperative fluoroscopy in hallux valgus 115 
surgery warranted the radiation burden to the patient and the surgeon.  The Ionising 116 
Radiation (Medical Exposure) Regulations 2000 regulations state that all medical 117 
exposures to ionizing radiation must be justified prior to the exposure being made.2  118 
The primary responsibility for this lies with the practitioner who should have a full 119 
knowledge of the potential benefit and detriment associated with the procedure under 120 
consideration.  The regulations also state that no person should carry out a medical 121 
exposure unless it has been justified by the practitioner as showing a sufficient net 122 
benefit.  In the case of intraoperative fluoroscopy for hallux valgus surgery, a review 123 
of the literature reveals that these benefits have not been determined through 124 
investigative study. 125 
In our experience, we have found that adequate surgical exposure when 126 
performing hallux valgus surgery affords a good view of the osteotomy site.  This 127 
allows a satisfactory assessment of extent of the shift that has been obtained at the 128 
osteotomy site.  In doing so the surgeon can ensure that the shift is matched 129 
proximally and distally to prevent malrotation and that there has been no other 130 
technical problem such as troughing.  The benefit of clinical evaluation of hallux 131 
valgus correction rather than relying on angular measurements has been reported 132 
previously.5  Our experience using intraoperative fluoroscopy did not reveal any 133 
occasion where the intraoperative images led us to make an alteration in the 134 
orientation or degree of shift that had been performed through the osteotomy.   135 
On 4 occasions residual interphalangeus deformity could be clearly seen on 136 
the fluoroscopic images, however on each occasion the decision to proceed with an 137 
Akin osteotomy had already been made on clinical grounds.  It is well known that a 138 
true appreciation of interphalangeus both radiologically and clinically may only be 139 
possible once the pronated position of the hallux has been corrected.  This brings the 140 
transverse axis of the distal phalanx and the interphalangeal joint into the AP plane.  141 
This fact is reflected in our results, with an increased IPA measured on the 142 
intraoperative films when compared to the preoperative films (p=0.006). 143 
 There were no occasions where the intraoperative images revealed an 144 
intraoperative complication such as fracture or misplaced hardware.  On one occasion 145 
the guidewire for the scarf fixation screw broke but this was obvious at the time of 146 
reaming and was removed without any need for imaging. 147 
The angular measurements obtained from the study subjects revealed adequate 148 
corrections had been obtained in all cases. Statistical analysis of the results showed 149 
that the intraoperative films that were obtained were an accurate representation of the 150 
formal weight bearing films obtained at 6 weeks.  We did note that there was an 151 
observed increase in the HVA measured at 6 weeks (p value) although the mean value 152 
remained within normal limits.3  This may be attributed to stretching of the medial 153 
capsular repair or it may indicate that proper weight bearing is required to reveal the 154 
true valgus position of the hallux. This finding should be factored into the initial 155 
clinical correction.  156 
Whilst performing this study we found that obtaining the intraoperative 157 
fluoroscopic images in a standardised fashion was often difficult to achieve.  A 158 
number of factors including the range of motion at the hip and knee, the weight of the 159 
leg, the drapes, the radiographer’s skill and the shape of the hindfoot and midfoot 160 
meant that the precise position of the forefoot and the degree to which weight bearing 161 
was simulated varied significantly. 162 
The scarf osteotomy is a complex osteotomy and it is well recognised that the 163 
operation has a large learning curve and there are many intraoperative difficulties and 164 
complications which can be encountered.6  The complications reported in a literature 165 
search include metatarsal fracture, troughing, under / over correction, k-wire shearing, 166 
elevation of the metatarsal head and rotational malunion of the osteotomy.7,8,9  For 167 
this reason we recommend that intraoperative fluoroscopy may be a useful aid in the 168 
early stages of learning the scarf osteotomy or for the surgeon who performs the 169 
operation infrequently.  In these circumstances the extra information obtained from 170 
the fluoroscopic images may help to prevent the most common problems such as 171 
under correction and malrotation and to gain a better appreciation of potential 172 
interphalangeus deformity. We cannot however, given our findings, recommend that 173 
intraoperative radiography is routinely used as an adjunct in hallux valgus surgery. 174 
 175 
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